ABSTRACT Background: Exposure to a variety of energy-dense foods promotes increased energy intake and adiposity. Taste blindness to the bitterness of 6-n-propylthiouracil (PROP) has been associated with increased adiposity in women and might be linked to an increased energy intake and greater selection of dietary fat. Objective: We investigated whether PROP nontaster (NT) women would consume more fat and energy in a buffet setting than medium taster (MT) or supertaster (ST) women. Design: Seventy-five non-diet-restrained, lean, young women [mean 6 SEM BMI (in kg/m 2 ): 21.5 6 0.6; age: 26.1 6 1.3 y) ate lunch and dinner in the laboratory for 3 consecutive days under the following 2 conditions: ad libitum control meals (CONTs) or high-variety buffet meals (BUFFs). A standard breakfast was consumed each day of the study (4-d washout between conditions). Results: NTs and MTs consumed more energy and fat (as the percentage of energy) from BUFFs than did STs (P , 0.01), which contributed to higher daily energy intakes in these 2 groups of women during BUFFs (2149 6 49 kcal/d for NTs and 2209 6 48 kcal/d for MTs compared with 1933 6 50 kcal/d for STs; P , 0.01). Together, NTs and MTs consumed an extra 246 kcal/d during BUFFs than during CONTs. In addition, compared with STs, NTs and MTs consumed more added fats and sweets (servings/d; P , 0.003) and more energy from snacks (P , 0.01) across all study days. Conclusions: NT and MT women consume more daily energy than do ST women when eating in a buffet setting, which is a common type of dietary exposure. This increase in energy intake over time could contribute to a positive energy balance and increased adiposity previously reported in these women.
INTRODUCTION
The eating environment has changed dramatically in the past 30 y, which may be fueling the sharp rise in obesity rates in both developed and developing countries (1, 2) . More meals are eaten away from home (3) that are generally higher in fat and energy content than meals prepared at home (4, 5) . Larger portion sizes, more snacking, and greater access to cafeterias, quick service and all-you-can-eat restaurants, and grab-and-go food outlets may be contributing to the problem (6) (7) (8) . Indeed, a population-based study showed that, when a variety of energy-dense foods were available in the diet, energy intakes increased, and body weights were higher (9) . The variety in snack food intake was associated with higher BMI and adiposity in a Chinese cohort (10) .
Seminal studies by Rolls et al (11, 12) first showed that exposure to a variety of foods in a laboratory meal increased food intakes relative to no variety in the meal. Since then, buffetconsumption studies have revealed that variety within a single meal or across meals and days raises energy intakes by as much as 25% (13) (14) (15) . A residential consumption experiment in men reported that access to a variety of foods increased daily energy consumption in direct proportion to the number of foods offered. Daily energy intake rose by 14% during 3 d in the high-variety condition (15 different foods/d) relative to the low-variety condition (5 different foods/d) (13) .
Some individuals may be more susceptible to dietary variety than others, and this increased responsiveness may have a genetic basis (16) . We recently showed that lean women who were phenotypic nontasters (NTs) 4 of the bitter taste marker 6-npropylthiouracil (PROP) consumed more energy from buffet lunch meals relative to an ad libitum control meal (CONT) than did women who were phenotypic supertasters (STs) (17) . This increase in energy intake is thought to reflect differences in food choices between groups. Compared with STs, NTs like a wider range of foods, including bitter and strong tasting items (18) , and NTs prefer higher-fat over lower-fat dairy products and salad dressings (19) (20) (21) . NTs perceive less intensity from the aforementioned foods than do STs, which may drive NT preferences for intensely flavored and high-fat and energy-dense items (22) . A greater dietary intake of high-fat and energy-dense foods (23, 24) along with less-precise compensation for fatderived calories (Y Shafaie, Y Koelliker, DJ Hoffman, and BJ Tepper, unpublished observations, 2012) may contribute to greater body mass in NTs (relative to STs), specifically in women (25) (26) (27) . To our knowledge, compensation for other macronutrients has not previously been studied.
We conducted an observational study to investigate the influence of eating in a buffet setting for 3 consecutive days in the laboratory on daily energy intake, diet composition, and food selection as a function of PROP taster status in lean, young women. The study was designed to extend our previous work, which examined buffet lunches on separate days (17) . We hypothesized that 1) NT women would consume more daily energy from buffet meals (BUFFs) than ST women would, and 2) NT women would consume more high-fat foods and more energy from fat during buffet consumption than ST women would. Lean subjects were studied to assess dietary behaviors that predispose women to future weight gain in the absence of concurrent obesity.
SUBJECTS AND METHODS

Subject recruitment and screening
Subjects were healthy women, 18-45 y of age, who were weight stable (,2-kg change in weight in the 3 mo before the study) with BMI (in kg/m 2 ) of 18-25 at entry. Participants were recruited mainly from the Rutgers University campus; some participants were from the local community. The study was conducted from 15 January 2008 to 30 July 2011. Volunteers were excluded if they were pregnant or lactating, had chronic diseases (eg, diabetes or kidney disease), or were taking medications that could affect taste, food intake, or appetite. Also excluded were women with major food allergies (ie, wheat, dairy, or nuts), vegetarians, or those engaged in organized sports or physical activity .3-5 h/wk. Finally, restrained eaters, defined as a score .11 on the restraint subscale of the ThreeFactor Eating Questionnaire (28) , and women with evidence of disturbed eating patterns according to the Eating Attitudes Test (26-item version) questionnaire (29) were also excluded.
Body weight was measured to the nearest 0.2 kg by using an electronic scale (WB-800; BestWright) and height was measured by using a stadiometer (Model 222; Seca) to the nearest 0.2 cm. Measures were taken over lightweight clothing and without shoes. BMI was calculated from these measurements.
Physical activity was estimated by using Actigraph GT1M activity monitors (ActiGraph LLC). Subjects wore monitors around the waist for 3 consecutive days (except when they were bathing or swimming), including 1 weekend day. Monitors were worn during a washout period between diet conditions to estimate the habitual physical activity of subjects. Subjects also recorded their activity in a daily log. Total energy expenditure was calculated for the 72-h period by using a standard equation provided with the ActiGraph software (version 6.0; ActiGraph LLC). Data are reported as physical activity energy expenditure in kilocalories per day. The study was approved by the Rutgers University Institutional Review Board. All subjects gave written informed consent to participate in the study and received financial compensation for their participation. Participants were blind to study outcomes and were told that the purpose of the study was to understand the relation between taste genetics and food selection.
PROP screening, taster status, and sample size
Women who qualified for the study were screened for PROP status by using PROP-and sodium chloride-impregnated filter papers according to Zhao et al (30) and validated in several studies (25, 27, 31) . Briefly, subjects rinsed with water and placed the sodium chloride disk (1M; VWR Scientific) on the tip of the tongue until it was thoroughly wet. Subjects rated the intensity of the perceived taste by drawing a line across the labeled magnitude scale (32) , which is a 100-mm, semilogarithmic scale anchored at each end with the descriptors "barely detectable" and "strongest imaginable." Subjects rinsed with water and repeat the procedure for the PROP disk (50 mmol PROP/L; SigmaAldrich). Sodium chloride was used as a reference standard because taste intensity for this compound does not vary as a function of PROP taster status in this method (30, 33) .
Subjects were classified as NTs, medium tasters (MTs), and STs on the basis of cutoff scores for PROP intensity that were derived empirically in our previous work (30) . Cutoff scores for NTs and STs were ,15 and .67 mm, respectively. Subjects who rated PROP intensity between 16 and 66 mm on the labeled magnitude scale were classified as MTs. If a subject gave a borderline rating for PROP, we used the sodium chloride rating to clarify her taster status. This procedure is based on data that showed that NTs give higher ratings to sodium chloride than to PROP, MTs give similar ratings to both, and STs give higher ratings to PROP than sodium chloride (17, 27, 30, 33) .
Data for daily energy intake in a buffet setting in PROPclassified women were not available. Therefore, we used the difference in energy intake between NT and ST women in our buffet lunch study (17) as a proxy. With the use of a conservative estimate for effect size (200 kcal/d; 1046 kJ/d), we calculated that a sample size of n = 21/group would allow us to detect a difference of $200 kcal in daily energy intake between NT and ST groups at P # 0.05 and 80% power. A sample size of n = 25/ group would allow detection of the same magnitude of difference between all 3 taster groups.
Meal conditions
The following 2 meal conditions were used: ad libitum CONTs and BUFFs. In each condition, subjects consumed both lunch and dinner in the laboratory on each day of the study. The primary difference between the 2 conditions was that, after subjects made their initial food selections during CONTs, they could only select more of the same items. During BUFFs, subjects could choose more of any food offered.
CONT condition
During CONT lunches, subjects were offered a choice of 2 main course entrées (that were roughly similar in macronutrient composition), raw vegetables, fresh fruit, a dessert (choice of 2 types), and choice of beverage. A choice of entrees and desserts was offered to guard against the possibility of subjects not eating a food they disliked if only one choice was offered. Subjects could consume as much or as little of the food as they wished, but they could only take additional helpings of the foods they initially selected for that meal. The same procedures were followed for CONT dinners except that a mixed-green salad with choice of dressing was added to the meal. Menus are shown in Table 1 . See Supplemental Table 1 under "Supplemental data" in the online issue for a description of foods.
BUFF condition
During BUFF lunches, subjects made their own sandwiches at a sandwich bar that offered a variety of meats, cheeses, and condiments as well as side salads, beverages, and desserts. Subjects could eat as much or as little as they desired from any Salad bar consisted of salad greens, green and red peppers, chopped raw onion, carrot sticks, cucumber slices, grape tomatoes, celery slices, mushrooms, bacon bits, parmesan cheese, and choice of dressing (red wine vinaigrette, balsamic vinaigrette, Italian, creamy ranch, and blue cheese).
of the foods offered, and they could select more helpings of any of the foods. During BUFF dinners, subjects had access to a salad bar and a selection of main entrees, side dishes, beverages, fruit, and desserts. All items (CONTs and BUFFs) were either preweighed before being served and offered in standard USDA portion sizes (35) or were commercially packaged and served in their original containers (eg, chips and beverages). A label that indicated the name of the food was displayed on every food item.
Procedure
Each subject's total participation was 6 d divided into two 3-d blocks over 2 wk. During week 1, subjects consumed CONT lunches and dinners on 3 consecutive weekdays in the laboratory. All subjects participated in the CONT condition first to familiarize themselves with procedures. We reasoned that if subjects exhibited abnormally high or low intakes on the first study day, these patterns would be more easily detected in the CONT condition. During week 2, subjects consumed BUFF lunches and dinners for 3 consecutive days. Conditions were separated by $4 washout days. On all days of the study, subjects consumed a standard 300 kcal breakfast at home $3 h before coming to the laboratory for lunch. Breakfast consisted of orange juice, low-fat yogurt, one-half slice of toast with a pat of margarine, and coffee or tea with nonnutritive sweetener and lowfat creamer (if desired). Breakfast foods were provided by the researchers.
During laboratory meals, foods were presented on a table adjacent to the eating area. Subjects placed their selections on their food trays and carried their meals to individual testing booths in the laboratory. While in the booths, subjects were free to read or listen to music. However they were prohibited from interacting with each other. At the end of each meal, empty packages were counted, and plate waste was collected and weighed (to the nearest 0.2 g). Food intake was measured by subtracting uneaten food from the starting weight of each package.
On each study day, subjects were offered snacks and beverages to take with them to consume anytime outside the laboratory. Subjects recorded the foods in a food log and submitted this list to the researchers daily. Subjects were instructed to eat only the foods provided to them by the researchers. However, if subjects consumed nonstudy foods, they also recorded these items in the food log and provided empty packages, if possible.
Data analysis
Food-intake data were compiled by using Nutrition Data System for Research software (NDS-R version 2010; Nutrition Coordinating Center, University of Minnesota). Outputs included energy intake (kcal); fat, carbohydrate, and protein (g and percentage of energy); saturated, monounsaturated, and polyunsaturated fats (g); intakes from USDA food groups [eg, fruit and vegetables (in servings)] and food subgroups of interest (eg, sweets and sweetened beverages).
Food-intake data are presented as means 6 SEMs. The data analysis was conducted in stages. First, daily energy intakes were examined by using repeated-measures ANOVA across the 6 d of the study to probe for pattern effects (ie, systematic increases or decreases) by study day. Except for higher energy intakes during BUFFs than CONTs, which we anticipated, no underlying patterns were observed. Next, ANCOVA was used to examine differences in taster groups for all dietary variables, with body weight as the covariate. A nested design was used in which days were nested within the condition (CONT or BUFF). Because no effects of days were shown in either condition, data were averaged across the 3 d in each condition, and 3-d means were used for subsequent analyses. When the taster group 3 condition interaction was significant, separate analyses were carried out for the CONT and BUFF. When the group 3 condition interaction failed to reach statistical significance, data were collapsed across all days of the study to examine taster-group effects for the entire experiment. Post hoc comparisons were conducted by using
RESULTS
Subject characteristics
Seventy-eight women met the screening criteria and began the study. One woman failed to complete the study, and 2 women were eliminated for nonadherence to the study protocol (consumed nonstudy meals). The final data set included 75 women (n = 25/taster group) with a mean (6SEM) age of 26.2 6 1.3 y. Subject characteristics are shown in Table 2 . There were fewer NTs in Asian women than other ethnic groups, which agreed with the literature (35, 36) . The groups did not differ in any of the other characteristics.
Daily energy and macronutrient intakes of all subjects in CONT and BUFF conditions
For all subjects, the mean energy intake was higher during BUFFs than CONTs by 254 kcal/d (1063 kJ/d) (P , 0.0001) ( Table 3) . Fat intakes were higher, and carbohydrate intakes were lower (as the percentage of energy) during BUFFs than CONTs. Intakes of all 3 lipid types (in g) were also higher in BUFF than CONT conditions.
Influence of PROP taster status on daily energy and macronutrient intakes in CONT and BUFF conditions
As expected, there were no differences in taster groups in daily energy or fat intakes during CONTs ( Table 4) . We had hypothesized that buffet consumption would lead to higher daily energy and fat intakes in NTs compared with STs. Results showed that during BUFFs, both NTs and MTs consumed more daily energy than did STs. Fat intake (percentage of energy) did not differ in groups. However, NTs and MTs consumed more saturated fat (in g) and cholesterol relative to STs.
Influence of PROP taster status on daily energy and macronutrient intake across all days of the study Data were also collapsed across all days of the study to assess the general effect of eating in the laboratory on consumption patterns of PROP taster groups ( Table 5) . Intakes of energy, percentage of fat, and saturated fat were consistently higher in NTs and MTs than STs.
Influence of PROP taster status on meal and snack intakes during CONT and BUFF conditions
Energy and macronutrient intakes from lunches, dinners, and snacks under the 2 study conditions are shown in Table 6 .
Lunch
There were no differences in energy intakes from lunch in taster groups during CONTs, and buffet consumption did not change this outcome. However, during CONTs, NTs consumed more fat and less carbohydrate than did STs.
Dinner
Both NTs and MTs consumed more energy and fat than did STs during BUFFs but not CONTs. In contrast, STs consumed more protein than did NTs during BUFFs and more protein than both NTs and MTs during CONTs.
Snacks
During both conditions, NTs and MTs consumed more energy from snacks eaten outside the laboratory than did STs.
Contributions of meals and snacks to daily energy intakes
Contribution of meals and snacks to daily energy intakes during each meal condition, and across all days of the experiment are shown in Figure 1 . Results showed that buffet dinners (but not buffet lunches) contributed to higher daily energy intakes of NTs and MTs relative to STs. NTs and MTs also consumed more snack foods during all phases of the study (CONTs, BUFFs, and cumulatively).
Food selection
The food-group analysis showed no differences in groups in the types of foods selected during CONTs or BUFFs (no taster 3condition interaction). However, differences emerged for 4 of the food groups when data were examined across all study days ( Table 7) . The consumption of cakes, cookies, and pastries as well as added fats was higher for NTs and MTs than STs. Conversely, the consumption of fruit and vegetables was lower in NTs than both MTs and STs. No differences were shown for the other foods (see Supplemental Table 2 under "Supplemental data" in the online issue).
DISCUSSION
Chronic exposure to a variety of energy-dense palatable foods is known to increase energy intake and adiposity in the general population (9) and may be one of a constellation of dietary factors contributing to obesity development. In the current study, we showed that healthy-weight, young women consumed 13.8% more energy when exposed to 3 consecutive days of buffet consumption than when they consumed ad libitum CONTs. Our study in in agreement with previous reports that showed that eating in a buffet setting increased energy consumption by 14-25% (13, 15, 37) .
Compared with STs, NTs and MTs consumed more energy and a greater percentage of energy from fat during buffet dinners that contributed to higher daily energy intakes in these 2 groups of women. Findings for energy intakes complement our earlier observations that showed that buffet lunches (served on separate days) increased energy intakes in NT women more than in ST women (by 88% compared with 38%, respectively) than did an ad libitum control lunch (17) . Together, these data suggest that NTand MT women are more vulnerable to buffet eating with either casual exposure (in a single meal) or continuous exposure over several days.
We observed other group differences in dietary behavior that persisted across all days of our study. Specifically, NTs and MTs consumed more energy from between-meal snacks and more servings of cakes and added fats than did STs. Conversely, STs consumed more servings of fruit and vegetables, although the combined intake of fruit and vegetables met recommendations for our cohort as a whole on the basis of their energy intakes (38) . Diets high in fats and sweets and low in fruit and vegetables, as well as frequent snacking, have been associated with excess energy intakes and weight gains in some studies (39, 40) . The women we studied were lean and moderately physically active. Nevertheless, NTs and MTs exhibited these same dietary behaviors that could be considered precursors for weight gain over the long term. These observations help to explain our earlier findings in older, more-sedentary women that showed that NTs maintain higher body weights than did STs (25) (26) (27) . Future studies should be conducted in obese women to confirm the presence of these same dietary patterns in NTs.
We hypothesized that extreme groups (NTs and STs) would differ with respect to study outcomes. No hypothesis was specified for MTs because these individuals exhibit an intermediate phenotype that is defined across a wide range of PROP taste intensities (16-66 mm on the scale) and who typically show more variability in eating behaviors and body weight across studies than do other groups (24) (25) (26) (27) . The pattern of effects observed in the current study (ie, NTs and MTs contrasting with STs) is in agreement with that of Tepper and Ullrich (26) , who also showed that NT and MT women shared similar outcomes that were distinct from those of ST women.
Most studies that have examined the role of the PROP phenotype in energy intake have depended on self-reports of food intake, which are less reliable than direct measures of intake (41) . The dependence on self-reports may partially explain the lack of consistent findings for energy intakes in this literature (24, 42, 43) . The study of food selection in the laboratory permitted us to directly measure the types and amounts of foods consumed and detect subtle differences in eating behaviors in groups that might 1 All values are means 6 SEMs and based on 3-d means in each condition. n = 25/subject group. Means within meal conditions with different superscript letters differed, P , 0.02 (Duncan's new multiple range test). MT, medium taster; NT, nontaster; ST, supertaster.
2 ANCOVA adjusted for body weight was used. Despite the size of this caloric increase, the time frame of our study might have been too short to elicit counterregulatory eating. We have based this conclusion on data from Rolls et al (6) that showed no adjustment in caloric intake even after 11 continuous days of exposure to excess portion size. Informal calculations of observed energy intakes compared with estimated energy requirements revealed a modest positive energy balance in all groups (relative to energy needs) during CONTs. However, during BUFFs, NTs and MTs consumed w400 kcal/d in excess of energy needs compared with that of STs (w200 kcal/d) (data not shown). These estimates need to be confirmed in laboratory studies of energy expenditure and nutrient metabolism in PROP-classified groups.
The finding that NT women consumed fewer fruit and vegetables than ST women did deserves comment because this outcome was opposite to expectations, namely, that NTs like and consume more of these foods than STs (18, 20, (44) (45) (46) . Our data showed that, when given a choice of highly palatable foods, NTs choose 6.6 6 0.5 6.8 6 0.5 6.6 6 0.5 6.2 6 0.5 7.1 6 0.5 6.6 6 0.6 NS
1 All values are means 6 SEMs and based on 3-d means in each condition. n = 25/subject group. Means within meal conditions with different superscript letters differed, P , 0.01 (Duncan's new multiple range test). MT, medium taster; NT, nontaster; PROP, 6-n-propylthiouracil; ST, supertaster.
2 ANCOVA adjusted for body weight was used FIGURE 1. Contribution of meals and snacks to mean (6SEM) daily energy intakes in NT, MT, and ST groups during control meals, buffet meals, and across all study days. Breakfast was set at 300 kcal/d for all days of the study. Eating occasions were compared across taster groups for each study condition. NTs and MTs consumed more energy than STs did from buffet-meal dinners; larger buffet-meal dinners raised dinner energy intakes for these groups compared with STs for all study days. NTs and MTs consumed more energy from snacks than did STs during control meals, buffet meals, and across all study days.
z NTs and MTs differed from STs for each eating occasion, P , 0.01 (Duncan's new multiple range test subsequent to ANCOVA adjusted for body weight). MT, medium taster; NT, nontaster; ST, supertaster.
comparative fewer fruit and vegetables in favor of more energydense, high-fat foods. These findings underscore the importance of the food environment in mediating the complex effects of PROP status on dietary behavior and weight status. A recent study (47) came to a similar conclusion and showed that NT children who were living in a healthy food environment liked vegetables more that did taster children (MTs and STs combined) who were living in a similar environment, but NTs in an unhealthy food environment were heavier than all other groups of children.
Our study had several limitations. First, the majority of our subjects were college-aged women who may not have been representative of the adult, female community at large. This study should be repeated in a larger and more socioeconomically diverse cohort. Second, East Asian women were more highly represented in MT and ST groups. This inequality was consistent with population genetics of this trait (35, 36) but could have influenced our results. To guard against this possibility, we also eliminated these women from the cohort and reanalyzed the data (not shown). Except for some loss of statistical power associated with a smaller sample size, results were similar with or without these women. Thus, cultural differences in eating habits did not seem to explain our findings. Third, we did not conduct a hedonic testing of each food item used in this study. However, many of the foods selected for study were used in a previous investigation in a similar cohort of women (17) . Also, informal exit questionnaires failed to detect any dissatisfaction with the palatability of foods. Finally, foods with commercial labels might have had unknown effects on food selection.
In conclusion, the PROP bitter taste phenotype identifies women who may be at risk of excess fat and energy intake and subsequent weight gain because of exposure to a variety of palatable, energy-dense foods. Our study characterizes, for the first time to our knowledge, the specific food patterns that contributed to higher daily energy consumption in NT and MT women, such as higher fat and energy intakes from buffet dinners, and the general tendency to consume more snacks, sweets, and added fats. Our data imply that specific food choices rather than a tendency to consume a large number of different foods increases energy intakes in NT and MT women. Nutrigenetic approaches to weight management have recently been proposed (48) . PROP tasting is easy-to-measure in the clinical setting (30) and may be a valuable tool for personalizing nutritional messages for the primary prevention and treatment of obesity in women.
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